Abstract: Problem statement: This study examined in detail some aspects of radiation climatology for Terengganu state in Malaysia. The geographical co-ordinates of the site are 5°10'N latitude 103°06'E longitude and 5.2 m altitude. Approach: The data used in the present study were taken from a recording data station installed at site by the Malaysian Meteorology Department. In addition to this, wind speed, solar radiation and air temperature data taken from University Malaysia Terengganu Renewable Energy Station were also analyzed. The averaged solar radiation year for Terengganu is generated from mid-term daily global solar radiation data. The averaged data of the daily global solar radiation for the locations considered are presented in a tabular form for a complete year. Results: The highest daily and monthly mean global solar irradiation values were 7560 and 6566 Wh m −2 day −1 , respectively. The highest hourly average solar irradiance intensity was 1139 W m −2 during this study period. Yearly average daily solar energy was 18.92 MJ m −2 day −1 . Besides the global solar radiation, the clearness indexes, wind speed and air temperature variation are discussed.
INTRODUCTION
Energy is essential to economic and social development and improved quality of life of human being. Solar energy is being seriously considered for satisfying a significant part of energy demand in Malaysia, as is in the world. Furthermore, with the increase in energy demand, the issue of energy shortage becomes increasingly serious. Since there is more and more concern on energy conservation and environmental protection, interest has been increasingly focused on the use of solar energy. Solar energy, as a clean energy source and one kind of renewable energy, is abundant in Malaysia.
An accurate knowledge of the solar radiation data at a particular geographical location is of vital importance for the development of solar energy devices and for estimates of their performances (Duffie and Beckman, 2006) . In this respect, the importance of solar radiation data for design and efficient operation of solar energy systems has been acknowledged. In particular, the clearness index of the area, in addition to other meteorological information such as wind speed and air temperature for a specific period, is extremely important to assess the feasibility of a solar-driven project.
Further, in recent years, few individual studies have been carried out on this subject for different locations of Malaysia (Chuah and Lee, 1981; 1982; Hu and Lim, 1983; Kamaruzzaman and Othman, 1992; Li and Lam, 2000; Wong and Chow, 2001 ; Abdul Karim and Razali, 2002; Azhari et al., 2008; Zaharim et al., 2009) . Few models have been tested and few studies based on these models have been performed to estimate solar energy potential. The solar radiation estimates for Peninsula Malaysia were published by Chuah and Lee (1981; 1982) for three major towns, namely Kuala Lumpur, Penang and Kota Bharu, who used the Angstrom type regression equation to clear day radiation at the locations. Monthly average solar radiation on the horizontal surface in Kuching, Kota Kinabalu, Kota Bharu, Senai, Bayan Lepas, Kuala Lumpur, Petaling Jaya and Bandar Baru Bangi were studied by Kamaruzzaman and Othman (1992) , who used the simplified Angstrom model. Zaharim et al. (2009) used Box-Jenkins method to predict the global solar radiation at Bangi. Two statistical methods were used to forecast the monthly average daily solar radiation based on the meteorological factors such as sunshine hours, relative humidity, total rainfall and wind speed in Sultan Abdul Aziz Shah Subang Airport. Azhari et al. (2008) used satellite images to predict the solar energy as an alternative method. Although solar radiation data have been reported for few regions in Malaysia, reliable and yearlong global radiation data is still needed for Terengganu state. This study therefore addresses this need.
MATERIALS AND METHODS

Data observations and procedure:
In this study, the global solar radiation data were taken from the Malaysian Meteorological Department (2004 Department ( -2008 through e mail for the study location. There were missing and invalid measurements in the data and they were marked and coded as 11111 in the files. The missing and invalid measurements, accounting for approximately 0.50% of the whole database, were replaced with the values of preceding or subsequent hours of the day by interpolation. The geographical coordinates of the site are 5°10'N latitude 103°06'E longitude and 5.2 m altitude. In addition to MMD data, solar radiation, wind speed and air temperature data collected from University Malaysia Terengganu Renewable Energy Station, which is nearly 2 km northwest to the Kuala Terengganu MMD station, were also used. The meteorological data were collected every 10 min using a computer at this station. The surface air temperature and the global solar radiation measurement instruments were set at 6 m above the ground level. A LI-COR, LI-200SZ pyranometer was used to measure the global solar radiation. The wind speed measurement instruments were set at 18 m above the ground level. The sensors were checked and calibrated to ensure the quality of the data collected. From the raw data stored, the mean, maximum and minimum hourly values were calculated. From the hourly data set, daily and monthly statistics were made for the solar radiation, wind speed and temperature data. In this study, average solar radiation data for Terengganu were generated by using the daily global solar radiation recorded during the period [2004] [2005] [2006] [2007] [2008] .
RESULTS AND DISCUSSION
Solar radiation: The amount of solar radiation received by the earth's surface varies from one place to another owing to the attenuating properties of the atmosphere and the diverse geographical characteristics of the earth's surface. Generally, from the collected data it is clear that the daily average and maximum global radiations as well as temperatures are higher from February to September and lower from October to January. Argiriou et al., 1999; Petrakis et al., 1998; Marion and Urban, 1995; Fagbenle, 1995; Said and Kadry, 1994; Shaltout and Tadros, 1994) . However in this study the averaged solar radiation year was developed using available solar data.
By using all the months' data in the database, the averaged reference year for daily global solar radiation data was developed for Terengganu state of Malaysia. Table 2 gives the averaged reference year for monthly mean global solar radiation for the location considered in this study. As can be seen from the Fig. 3 . Plots of the monthly average of the mean and maximum wind speeds are shown in Fig. 4 . The data show a range of monthly average wind speed variations of 2.1-4.7 m sec −1 . Monthly mean of the maximum wind speed were higher in the months of December to February.
Air temperature: Figure 5 shows the maximum, minimum and average air temperature for one complete year 2008 for Kuala Terengganu. The graph shows that during the northeast monsoon the air temperature was lower than 30.0°C when the solar radiation was lower than 5000 W m −2 day −1 . Figure 6 shows the monthly maximum, minimum and average air temperature for Kuala Terengganu. It is observed that maximum, minimum and average air temperature variation is very low in general during a complete year.
Fig. 3: Daily averages and maximum wind speed throughout the year
Clearness index: Figure 7 shows the daily variations of the clearness index for Kuala Terengganu throughout the year. It is observed that clearness index is relatively low from November through January and then it increases to a maximum (0.76) in April. There is a slight drop in the level of clearness index in June/July, with a distinct maximum in April. The variation in clearness index is attributed to the level of humidity and position of the sun relative to the site. It is rainy season from November through January, with generally high levels of moisture in the air from December through February (which reduces atmospheric transparency). The air is dry in April and May, which results in the observed peak. In general the clearness index varies between 0.06 and 0.76 during one complete year. During the northeast monsoon, the clearness indexes are very low; for other periods almost clear sky condition exists. The variation of monthly average clearness index is shown in Fig. 8 . It is seen that clearness index is maximum (0.64) during the dry hot season and lowest (0.42) during the rainy season. The average clearness (Kamaruzzaman and Othman, 1992 ) are compared with Kuala Terengganu monthly mean clearness index, as shown in Table 3 . It is clear that the monthly average clearness index over the course of the year is higher for Kuala Terengganu, though in few months Kota Kinabalu and Bayan Leps cities have higher monthly mean clearness index values.
CONCLUSION
Generation of average solar radiation is very important for the calculations concerning many solar applications. In this study, an average reference year for daily global solar radiation for Terengganu, Malaysia is produced in a tabular form using mid term measured data. It is expected that these average solar radiation years will be useful to the designers of solar energy systems as well as those who need to have daily solar radiation data for Terengganu. Daily average solar radiation data show that the month of April had the highest monthly average daily irradiation of 6566 W m . In an average year, the dry period (February to May and September) contributes about 47.19% of the annual total. The worst month (December) contributes least, being responsible for only about 5.89%.
The data show a range of monthly average wind speed variations of 2.1-4.7 m sec −1 . Monthly mean of the maximum wind speed were higher in the months of December to February. The highest daily maximum and monthly average temperatures were ~35 and 30°C in August and April, respectively. The minimum daily average temperature was recorded 22. 
